Introduction
Human T-lymphotropic viruses (HTLV) are enveloped, double-stranded RNA viruses. Type 1 (HTLV-1) was first described in 1980 [1] and type 2 (HTLV-2) in 1982 [2] . Most people infected with HTLV have a low (<5%) risk of developing disease; however, there are relatively few studies on the natural history of HTLV infection worldwide and few prospective studies of HTLV-1-associated disease have taken place in Europe. Although evidence from epidemiological studies confirms the role of HTLV-1 in adult T-cell leukaemia/lymphoma (ATLL), HTLV-associated myelopathy/tropical spastic paraparesis (HAM/TSP) and uveitis [3] , more studies are needed to investigate the role of the virus in other disease outcomes, particularly other inflammatory disorders such as arthritis, urinary tract disorders and susceptibility to infectious diseases [4] . Long term follow-up studies could describe the timing and progression of disease from the asymptomatic carrier state to the known disease outcomes and investigate previously unsuspected disease associations.
HTLV-1 is endemic in southern Japan, the Caribbean, parts of Africa, the Middle East, South America and the Melanesian Islands of the south-west Pacific [3] . HTLV-2 is more commonly found among indigenous American populations and injecting drug users (IDU) [5] . Modes of transmission include transfusion of unscreened blood, mother-to-child contact (including breastfeeding), sex and injecting drug use [3] . HTLV is rare in the United Kingdom (UK); seroprevalence among blood donors and pregnant women is low (6 per million donations [6] and 340 per million women [7] , respectively). In the 1980s and 1990s a large proportion of infections reported to UK HTLV national surveillance were among minority ethnic populations originating from HTLVendemic areas and consisted mainly of patients with HTLV-associated disease [8] .
In Summer 2002, the UK blood services introduced blood donor testing for HTLV antibodies (anti-HTLV) [9] . It was recognised that some HTLV-positive donors may have made previous donation(s) before testing was introduced, so the blood services began a 'lookback' programme to trace the outcome and/or recipients of blood components derived from these donations, as they did when anti-HCV testing was introduced in the early 1990s [10] . These actions provided a rare opportunity to identify and prospectively recruit a cohort of individuals for long-term follow-up to investigate and describe clinical progression and onset of disease. All positive blood donors and recipients of their blood were offered the option to attend a specialist HTLV clinic. Their contacts, patients with symptomatic disease, and other people with HTLV were also seen at these clinics.
The HTLV National Register cohort study was established as a collaboration between National Health Service (NHS) Blood and Transplant (NHSBT), the Health Protection Agency (HPA) and Imperial College, London. The objectives were to describe the clinical state at diagnosis, determine the long-term outcome in HTLV-infected individuals and to investigate factors associated with transmission, disease and survival. Here we assess recruitment into the register in the first six years (July 2003 to June 2009) and describe the baseline health characteristics of the cohort.
Methods

Participant consent, recruitment and registration
Consent and recruitment began in July 2003. All participants were asked to provide signed consent for up to four options: (i) processing and disclosure of personal data contained in medical records to the register co-ordinator, (ii) flagging the participant's NHS number in the NHS Health and Social Care Information Centre (NHSIC) (described below), (iii) approaching the participant's general practitioner (GP) for additional information if required and (iv) follow-up in order to be contacted for further information at a later date (including follow-up questionnaires). Consent to approach GPs was not included in the initial consent request to participants but introduced from September 2005 to maximise possibilities for follow-up of information about participants) Participants were recruited prospectively and classified according to the source where they were first identified:
• Group A: HTLV-positive blood donors tested by the UK blood services, • Group B: blood transfusion recipients identified through the UK blood services 'lookback' programme (HTLV-positive and -negative); • Group C: contacts of HTLV-positive and -negative blood donors and recipients or symptomatic patients recruited through HTLV clinics (HTLVnegative contacts recruited from 2004); • Group D: HTLV-positive symptomatic patients diagnosed with an HTLV-associated disease (from 2004); • Group E: HTLV-positive asymptomatic clinic attendees who were not blood donors or linked to another study participant.
All HTLV-positive blood donors identified before July 2003 were invited to participate in writing in late
2003 by blood service clinicians and again when they attended a specialist HTLV clinic.
Recruitment of blood recipients identified through the HTLV 'lookback' was to enable the investigation of factors associated with onset of HTLV-related disease by providing a source of cases (infected recipients) and controls (uninfected recipients). Extrapolating from findings from the hepatitis C 'lookback' [11] 
Baseline health status
All participants were requested to complete a baseline self-completion health questionnaire (SCQ) in four parts. Section A collected the participant's demographic details (age, sex, marital status, number of children). Section B explored possible risk exposures, which were assigned, according to a hierarchy, as the participants' probable source of infection. The probable risk exposures, used by the HPA and NHSBT surveillance, were based upon published information about the epidemiology of HTLV and the opinion of HTLV experts. Information on general health and signs and symptoms of disease were gathered in sections C (health in the past) and D (current health).
Maintaining contact and assessing mortality outcomes
Every patient registered with the NHS in the UK is identified by a unique NHS number. Researchers in the UK, whose studies have been granted ethical approval, can put a flag against a participant's NHS number, thereby identifying that person as a member of a particular study. For each flagged participant, the NHSIC notifies the register coordinator of movement between health authorities, cancer registration and/or death (including death certificate details). To maintain contact and participation, an annual newsletter was distributed to the participants, incorporating an address change form.
Recruitment uptake
Recruitment uptake was assessed for each recruitment group. Data on the number of transfusion recipients and HTLV-positive blood donors were obtained from NHSBT. Differences in characteristics of consenting and non-consenting blood donors were investigated using chi-squared test. Data on the number of HTLVpositive patients identified between July 2003 and June 2009 was obtained from the HPA [13] ; information on symptoms (excluding blood donors, for whom uptake was known) were used to assess uptake in symptomatic and asymptomatic clinic attendees respectively; patients with unknown symptomatic/asymptomatic status were excluded (n=152). Data on the number of contacts (HTLV-positive or negative) invited to participate at the specialist clinics were not available.
Analysis of clinical data
Data from Sections C and D of the baseline SCQ were tabulated using Stata version 10. Reported symptoms and health outcomes were reviewed by recruitment group. The following questions were considered to identify possible signs/symptoms of HAM/TSP: (i) can you walk unaided, (ii) do your legs feel weak, clumsy, jumpy or stiff, (iii) do you have pain in your lumbar spine/lower back, (iv) during the day, how often do you normally pass urine, (v) do you have to hurry to the toilet when you feel the need to pass urine, (vi) are you constipated? Two questions were considered together to possibly indicate Sjogren's syndrome: (i) are your eyes dry or itchy, and (ii) do you have a dry mouth?
Ethical approval and data entry
Ethical approval was obtained from the Northern and Yorkshire Multi-Centre Research Ethics Committee (03/03/021), with the HPA as the sponsoring body. Data were entered in duplicate into a secure MS Access database, and entries were validated before entry into the master database.
Results
Between July 2003 and June 2009, 148 people consented to participate in the study (Table 1) . Most participants recruited in the first six months were blood donors ( Figure) and most provided full consent as it was offered to them, although some declined consent for 'flagging', further follow-up and/or for GP contact (Table 1) . 
Recruitment
Group B: Transfusion recipients
Nine of the 109 living transfusion recipients tested as part of the HTLV 'lookback' programme [12] consented to participate, detailed data were not available on the other living transfusion recipients.
Group C: Contacts
The denominator for this group was not estimated. 
Demographics and characteristics
The majority of participants were HTLV-1 positive (Table  1) ; of the HTLV-2 positive participants 82% were blood donors. Information on sex and date of birth was complete; three quarters were female. Blood transfusion recipients were the only group with more male than female participants. Blood donors were the youngest group recruited and symptomatic clinic attendees the eldest. The ethnic background of the groups differed: the majority of symptomatic patients were Black Caribbean whereas the majority of blood transfusion recipients were white.
All 20 symptomatic patients were recruited by clinicians from one single clinic. At registration, three participants had been diagnosed by clinicians with ATLL and eight with HAM/TSP; the remaining nine participants were reported to have gait problems, uveitis, generalised lymphadenopathy, chronic HTLV-1-driven lymphocytosis, neurological symptoms and mononeuritis multiplex.
Heterosexual sex (or heterosexual sex/mother-to-child transmission) was the main risk exposure reported (Table 1) . Both the symptomatic and the asymptomatic clinic attendees that reported blood transfusion (in 1989 and 1985, respectively) as their risk exposure had not been identified during the blood services 'lookback', so transmission had not been confirmed.
Among the contacts, 16 people (seven with HTLV-1, one with HTLV-2, eight HTLV-negative) were current or previous sexual partners of HTLV-infected individuals, 10 (four with HTLV-1, six HTLV-negative) were children of positive parent(s), 10 (five with HTLV-1, one with HTLV-2, four HTLV-negative) were a family member of a positive individual, and two (both HTLV-positive) were mothers of positive individuals. One participant (HTLV-1-positive) was a close friend of a patient with GP: general practitioner; HTLV: human T-lymphotropic virus; NHSIC: National Health Service Health and Social Care Information Centre; SCQ: self-completion questionnaire. a Excluding contacts, because a denominator was not available. b Full consent is as it was offered to the patient. The fourth option (consent to contact the patient's GP for additional information) was added in September 2005. c Flagging refers to putting a flag against a participant's NHS number. For each flagged participant, the NHSIC notifies the register coordinator of movement between health authorities, cancer registration and/or death (including death certificate details). d Patients can be shown more than once in the declined section as they could have declined one or more options. e A further three patients gave consent but did not explicitly specify which parts they consented to; they are included in the total of 24 but not in the breakdown. ATLL, and for one (HTLV-1-positive) no relationship was stated.
Baseline health status
Baseline SCQs were received for most participants; the response rate was highest among blood transfusion recipients and donors (Table 1) . At least 90% of respondents answered each question. The few questions that were more poorly completed required more than one response e.g. do you have any problems with your nails, scalp, skin (tick yes/no to each). Here, 12-33% of respondents left one or more response blank.
Overall, past surgery or serious illness was the clinical feature most commonly reported by participants, followed by any treatment for back pain (physiotherapy/ medication) and cystitis or kidney infection treated with antibiotics ( Table 2 ). Half of the symptomatic patients reported arthritis. Forty-four percent of reports of a past operation or serious illness related to obstetric or gynaecological problems (e.g. hysterectomy, caesarean section, ectopic pregnancy) or routine procedures (e.g. appendectomy, tonsillitis).
A greater proportion of symptomatic patients reported four or more possible signs/symptoms of HAM/TSP than other groups (Table 2) . Seven blood donors (11%) reported four or more possible sign/symptoms of HAM/TSP (one had a formal diagnosis of HAM/TSP at registration at the clinic) and more than three-quarters of blood donors reported between one and three symptoms.
Ten participants reported symptoms indicative of Sjogren's syndrome (Table 3) HTLV: human T-lymphotropic virus Table 2 Number and proportion of participants having ever experienced various health outcomes as reported on the baseline selfcompletion health questionnaire, by recruitment type, United Kingdom, July 2003-June 2009 (n=123) participants reported having ever had tuberculosis, uveitis or thyroid disease (one, eight and nine, respectively).
Flagging, mortality and cancer
In total 133 (90%) participants consented to flagging; 132 (99%) were successfully flagged, one could not be traced by NHSIC. Of the remaining 15 participants, all but one (an HTLV-negative transfusion recipient) were attending specialist HTLV clinic(s).
Death notifications were received for five participants; two transfusion recipients (both heart disease-related) and three symptomatic patients (incident ATLL, relapsed ATLL and alcohol toxicity). Eleven cancer registration notifications were received for nine participants: one blood donor (HTLV-1: malignant neoplasm of breast), two HTLV-negative contacts (one with malignant neoplasm of bladder, prostate and colon; the other with carcinoma in situ of cervix uteri), two HTLV-1 positive blood transfusion recipients (malignant neoplasm of prostate, and melanoma in unspecified parts of face), and four HTLV-1-positive symptomatic patients (acute myelogenous leukaemia, acute lymphoblastic leukaemia, melanoma in situ of ear and external auricular canal, and neoplasm of uncertain or unknown behaviour).
Discussion
The introduction of HTLV blood donation testing in 2002 meant that asymptomatic carriers, a group previously under-diagnosed and under-reported to routine surveillance [8] , could be prospectively identified, recruited and followed up. This is the first prospective cohort study of its kind in Europe. The flexibility of study recruitment has enabled inclusion of other patient groups and contacts to allow descriptions and comparisons of morbidity, mortality and disease progression. These data show that a large proportion of the cohort have a number of sign/symptoms which, when taken together, could indicate HAM/TSP.
HTLV-1 is more frequently detected than HTLV-2 in the UK [8, 14] and few study participants had HTLV-2. European blood donors found to be infected with HTLV had generally, where typable, HTLV-1 [15] .This is in contrast to a blood donor study in the United States, where 72% had HTLV-2 [16] and 24% reported IDU risk exposure; no participants in our cohort reported to being IDU. Other studies have shown an association between HTLV-2 and IDU [16, 17] ; it is possible that more detailed questioning of HTLV-2-infected participants might reveal previously undisclosed risks of IDU.
HTLV in the UK is more common among individuals born in endemic areas [13, 18, 19] or among children born to parents from endemic areas [20] , such as the Caribbean [3, 4] . Therefore it was unsurprising that a large proportion of register participants were of Black Caribbean ethnicity. Among blood donors in the study, a disproportionate number were non-White; only 5% of the blood donor population is non-White (S Lattimore, personal communication, October 2011). The main risk exposures were mother-to-child transmission and heterosexual sex; many people reported both exposures. This probably reflects the epidemiology of HTLV infection in the UK, and that many of the study participants were born to parents from endemic areas and probably acquired their infection abroad. Many participants therefore may have long-standing infections; interpretation of health data will need to take this into account. The excess of female participants has also been reported previously in other UK-based research studies [14 20 ] and surveillance data [8] and elsewhere [16, [21] [22] [23] , so was expected.
Estimates suggest that 20-30,000 people have HTLV infection in the UK [14] , most are undiagnosed. Blood donors are currently the only population group undergoing regular testing; therefore they are an important source of participants, despite the decline in the number of HTLV-infected donors [9] . Specialist HTLV clinics will become increasingly important in identifying and recruiting other asymptomatic people, through testing of relatives and contacts of positive individuals.
Ever having had cystitis or kidney infection treated with antibiotics was one of the most commonly reported conditions; this was also reported amongst US blood donors [24] , although the association in the multivariable models only remained statistically significant in HTLV-2-infected subjects. A range of autoimmune disorders have been associated with HTLV, including polymyositis [25] and arthritis [24] . In our study, a relatively large number of participants reported having had arthritis, although without a suitable control group, it is not possible to say whether this was associated with HTLV infection or not. A number of studies have also found associations between HTLV and uveitis [3] , tuberculosis [26] and thyroiditis [27], but few HTLV National Register participants reported these conditions. Blood donor recruitment was higher during prospective recruitment, which suggests that active recruitment of blood donors during their post-test discussion with blood service staff presents the best opportunity to discuss participation and obtain consent.
A combination of signs and symptoms was used as possible indicators of HAM/TSP. All participants who had been formally diagnosed with HAM/TSP and had returned a baseline SCQ reported four or more signs or symptoms. However, so too did two HTLV-negative contacts and four blood donors, which could suggest that the signs and symptoms used in this study were useful, but not very specific. Whilst each symptom alone does not constitute a significant risk, the constellation of four to five symptoms points towards HAM/TSP. The high level of consent for flagging, as well as regular newsletters, will minimise loss to follow-up and ensure that health, mortality and cancer data will be near complete, and final outcome determined. Combined with follow-up health data, requested every two years, this will provide information on whether these individuals have subclinical disease that will become more manifest.
Recruitment into the register varied by group, being proportionally to its larger size higher for blood donors, the largest group, than for the other recruitment groups, although it was lower than expected. By using routine surveillance data it was estimated that recruitment of symptomatic and asymptomatic individuals of Groups D and E was low, although improved over time. However as many newly diagnosed patients would only be invited to participate on their second or subsequent annual visit to the clinic and only one specialist centre recruited participants until 2008, the proportion of recruited patients is likely to be an underestimate.
From the outset, the planned control group for formal statistical analysis were uninfected blood recipients identified through the HTLV 'lookback' [11] . Unfortunately the sample size was not reached: the majority of transfusion recipients were not infected with HTLV [12] and few agreed to participate. Patients receiving transfusions are often elderly and/or very ill [11] , so participating in a study that may be perceived as having little direct benefit may not be their first priority. The HTLV register echoes findings from other cohort studies [28, 29] , that finding consenting participants for long-term research studies is challenging. Negative contacts could be an alternative control group, but recruitment of these was also low. Therefore recruitment of HTLV-negative individuals was halted by the steering group on ethical grounds. Alternative methods of obtaining data on negative controls need to be identified, including the use of population-level data or recruiting negative blood donors as an alternative; the latter would involve additional ethical approval.
Recruitment into a study of a rare, long-term infection such as HTLV has been challenging. However, follow up of a cohort such as this will enable descriptions of HTLV-associated disease progression to be made amongst people recruited from varying sources. The UK HTLV National Register is the first prospective study of its kind in Europe.
